members of this family are vitamin C (ascorbic acid) 2 and pennicillic acid 3. A great number of these compounds and their metabolites are found in many natural products, which exhibit a wide array of biological properties. 2 The aim of this review is to cover the current synthetic methodologies developed to build these molecules and their specific chemistry more than biological and pharmaceutical aspects of these products. 
3,5-Disubstituted tetronic acids present medicinal interest as potential
antibiotic, antivirial and antineoplastic agents. [2] [3] [4] [5] [6] [7] Among them, the 3-acyl derivatives comprise a structural motif present in a great number of active natural products. The base-promoted Dieckmann cyclization of glycolyl acetoacetates 4 (Scheme 1) is one of the most synthetically useful methods for the preparation of these 3-acyl derivatives. [8] [9] [10] [11] [12] [13] [14] 26, 28 The ability of these intermediates to cyclize is highly dependent on the presence of substituents at the α'-position. Thus, while the cyclization of α'-substituted glycolyl acetoacetates is a very easy process, the unsubstituted derivatives require vigorous reaction conditions to success. A wide structural variety of glycolyl acetoacetate intermediates are easily obtained by simple acylation of the suitable α-hydroxy acid with a malonate monoester derivative. Optically active α-hydroxy acids are ready accessible from natural sources and they comprise a very good resource of chiral starting materials for the stereoselective synthesis of these 3-acyl derivatives. Structurally simple chiral 3-acyl-5-substituted derivatives have been synthesized from (S)-glyceric acid, 7 (L)-threonic acid, 15 (R,R)-tartaric acid 16 or (s)-lactic acid. The power of this methodology has been confirmed by the construction of a library of chiral 3-acyl-5-substituted tetronic acids focused on inhibitors of tyrosine and dual-specificity protein phosphatase. 7 The 3-acyl-5-substituted tetronic acid derivatives 8-11 were readily synthesized from (S)-glyceric acid and (s)-lactic acid by means of a tetrabutylammonium fluoride-promoted Dieckman cyclization 18 of the suitable glycolyl acetoacetate intermediates 5-7 in moderate to good yields (Scheme 2). 
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Scheme 2
The base-promoted Dieckmann cyclization is also the preferred synthetic method to construct the 3-acyl-5-substituted tetronic acid core in more complex molecules. Thus, the final stage of the first total synthesis of the antibiotic polyether ionophore tetronasin (12) 19 was the challenging installation of the 5-unsubstituted 3-acyl tetronic acid core. This was 5,5-Spirobicyclic-3-acyl tetronic acid is a structural motif present in the brain-type cholecystokinin (CCK) receptor antagonist tetronothiodin (13) . 20 Recently, an isomeric oxaspirobicylic tetronic acid core 15 has been synthesized. 21 The final stage of this stereoselective synthesis required the formation of the tetronic acid ring on the hydroxy lactone 14, which was accomplished in two steps by direct acylation of the free hydroxy group of 14 with ethyl malonyl chloride and a base-promoted Dieckmann cyclization of this intermediate to deliver the required spirotetronic acid unit.
Remarkably, only potassium bis(trimethylsilyl)amide was able to give the expected cyclization (Scheme 4). Suitable β-ketoester derivatives bearing a γ-halogen atom [22] [23] [24] or a γ-oxygenated function [25] [26] [27] [28] [29] 
Scheme 5
The intramolecular version of the Blaise reaction on the O-acylated cyanohydrins affords the 4-amino-2(5H)-furanones 16 in good yields. 32, 33 Alternatively, the tin (IV) chloride-promoted reaction of α-hydroxy nitriles 
16
Scheme 6
Optically pure γ-acetoxy-β-hydroxy-β-ketoester can be synthesized from the "chiral pool" by a C-acylation reaction of an active methylene A general protocol for the enantioselective construction of tetronic acids bearing a stereogenic center at C-5 has been reported. 43 The method is based on the readily preparation of highly optically pure 2,2-dialkyl-4,5- Methoxide-mediated ring opening of 6-hydroxymethyl-1,3-dioxin-4-ones furnishes tetronic acid derivatives. 44 The reaction entails a ring opening to Two one-pot protocols for the synthesis of tetronic acid derivatives have been published. 47, 48 The first method 47 The direct acylation at the C-3 position by coupling of an acid chloride and a 3-metallated tetronate derivative is a feasible process. [51] [52] [53] It has been shown that this process fits well for the 5-substituted tetronates, but it fails when this C-5 position is vacant due to the preferential C-5 deprotonation when unsubstituted tetronates are treated with strong bases. 52, 54 On the other hand, the regioselective acylation of a 3,5-tetronate dianion is not a practicable reaction because it affords mixtures of mono and diacylated products. 55 These problems associated with the substitution grade of the tetronate molecule can be overcome by means of a palladium catalyzed acylation of a 3-tri-(n-butylstannyl) tetronate derivative 48, 56 which is obtained in a straightforward fashion from the readily available 3-bromo tetronate 47 57 (Scheme 19). In addition, the stability of the C-Sn bond permits functionalization of the tetronate ring system to allow the preparation of the 5-substituted-3-stannyl tetronates. Scheme 20 In some cases, the formation of the 3-lithium salt is the best option.
Palladium-promoted acylation of these derivatives furnishes the
That was the case with the final stage of the total synthesis of the acyltetronic acid ionophore antibioic tetronomycin (51) 58,59 (Scheme 21). A convergent and one-pot method to prepare 4-aza-2,3-didehydropodophyllotoxin (57), analogues of microtubule assembly inhibitor pophyllotoxin, has been published. 70 The method comprises the one-pot reaction of tetronic acid, one aromatic amine and one aromatic aldehyde to give the 4-aza-2,3-didehydropodophyllotoxin (57) in excellent yield (Scheme 26). In a very similar manner, 3-spiro heterobicyclic tetronic acid 58 has been synthesized by the one-pot reaction of urea (1 mmol), aldehyde (2 mmol) and tetronic acid (1mmol). 71 These molecules are suitable to be used as potential scaffolds to append other organic groups through remaining functional groups in a domino strategy (Scheme 26). 
Scheme 27
An efficient method for the synthesis of 3-alkylated tetronic acids based on the selective NaBH 3 CN reduction of a 3-acyl derivative has been described. Scheme 29 4-Azido-2(5H)-furanones, readily accessible from the 4-Br derivatives, 84 have been reported to be good precursors of 4-carbamoyl derivatives. . 91 The coupling reaction conditions has also been applied to alkenylboronic acids affording the 4-substituted-2(5H)-furanones with retention of the configuration of the alkenyl group and better yields than aforementioned methods. The palladium-catalyzed coupling reactions of 4-bromo and 4-stannyl tetronic acids derivatives with arylboronic acids have also been reported. 92, 93 Although these reactions proceed with reasonable efficiency (60-85%), the utility of these methods are limited by the harsh conditions required for the formation of the 4-bromo derivative and by the toxicity of the organotin byproducts which are difficult to remove, specially on large scale reactions.
Recently, 4-tosylate-2(5H)-furanones have been used as the tetronic partner in these palladium-catalyzed cross-coupling reactions with alkenyl and aromatic boronic acids, affording the 4-aryl(alkenyl)-2(5H)-furanone in moderate to good yields. 94 The major advantage of these derivatives resides on their stability and easy preparation.
Tetronates are good radical acceptors and this property has been exploited in the synthesis of longianone (84) 
